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"Relaxation Strength of Spring Steel", 
Kotloturbostroyeniye, No 6, pp 21-24, 1953 


Presents the results of experimental study of relaxation strength of 
flat springs used in sealing steam turbines. Shows the relaxation charac- 
teristics of springs and gives recommendations for the use of materials 
for sealing springs during various operating temperatures. 

(RZhMekh, No. 8, 1955) 


SO: Sum No 812, 6 Feb 1956 
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“ard 1/l + Pub, 128 - 17/38 
a © Authors: : Volkova, Tt I. 


2 ae . Negeri maesteereecey: 
ae e $ Influence of temperature on the relaxation stability of steel 


: " Perdodical : Vest. mash. 9, 65-67, Sep 1954 


i Abstract t Tests were conducted. to determine the straight-line relation between : yo 
: i the temperature and the logarithm of relaxation time, with different Ob 
stralght lines in the temperature intervals of from 200-4,50°C and from a 


4,50-000°C, Technical data on steel compositions are presented 
Tablis; graphs. _— ; 
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inzhener, 


Method and equipment for rel 
TSRIIEMASE Posen Ee relaxation tests on flat springs. {?raay] 


(Creep of metals) (Springs (Mechaniam)) 


(MLRA 9:8) 
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Method for tensile relaxation testin 
@ ina special a atus. 
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(Creep of metals) (Testing machines) 
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Investigation of steel for stean- 
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VOLKOVA, T.1., kandidat tekhnicheskikh nauk: TSE 
| iapietayendiant tel ; YTLIN, V.Z., kandidat 


Effect of small additions of allo 
ying elements on the relazxati 
resistance of carbon steel. [Trudy] TSNIITMASH 7122339241 155. 


(Steel) (Creep of metals) (MLRA 9:8) 
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Serna eee a fe ; 
jfXtsree fi the eine tharacteristica of sevéraj steels 
during prolonged Testing ?1u G00 heura. i Volkova 
MetsHewd 5 Ubeshutte Metrics 1V50. No T. “> Th 
vorein estan! were KA E aay SS Is < ™ ~ 
2 or CS | 2a My 
By Maas, Cr 275 Nb a 
Mead a2.er 21 
20°. They were haniened end tempered befare 
Als, Kie was tested after Cr plauing and 4Kinis 
ater chot peening The test specumens were 175 X 25 X 
1.5 mm., bendizg eis measured to £0.01 mm., and 
temps. were coatrolied to =5°. The test terips. ranged 
_jfrom. 410 to 810%, and the initial stresses fromr 80 to 60 
vot ka./eq- mam "The relaxation erlter’s employed were:- 
“the time at which the stress had falied to 25 kg. /iqg, 
12) the stress remaining efter 10,000 brs, 
Sabulated for 66 tests. Compurizong was cide of the 
actual long-time results exd those previoucly predicted by 
extrapolation from data obtaiced by tects of 25600-3500 hrs. 
For testing at 410° the differences were iess than 10%, but 
At 470° the actual results were higher by 100% or mere in 
“some cases, Teatiag for 6000 brs. et 476° would permit 
satisfactory extrapolation. Changing the tempering treat- 
ment of steel 4Kh13 from 2 hrs. at 530° to 10 kirs. at 630° 
increased criteri: 2 by 60-5%. Cr-plated specimens de- 
Creased in stress more rapidly during the first 2000-2009 hrs. 
but they compensated for this in the later stages. Since Cr 
plating protected the specimens [rom corrosion, its usc waa 
recommended. The wot on shot peening was Incanclutive, 
although at 410° it appeared to be detrimental for relaxation 
strength but not for cocrosion resistance. The new steel 
E1723, made in 12-kg. lab. heats, was forged like the other 
stecls and was tempered fot 6 hrs. at 020° after being air 
cooled from 1050°. Ita relaxation values were: (3) 10,000 
hrsa.; (2) 49 (410°), 37 (470°) vor an initial stress of 62 ke./ 
sq. mm. At 470° it was better than RIS. Repeated 
hayting increased (2) of R18 by about 20%. m7 
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ese 2 points... These values were ob- = 
from 4000 hrs. and were conserva. - 
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GINTSBURG, Ya.S., kandidat tekhnicheskikh nauk, dotsent, 


On the critical notes by 
Vast.mash. 36 no.11:88-8 = 
(Steel--Teating) (Austenite) 


Tel, Volkova, candidate of technical sciences, 
(MIRA 10:1) 
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AUTHOR: Volkova, T. I., Candidate of Technical Sciences. 


~~ ee : 129-7-3/16 ‘ 
TITLE: Process of relaxation under conditions of alternate loading. 


(Protsess relaksatsii v usloviyakh povtornykh negruzheniy), 


PERIODICAL: "Metallovedenie i Obrabotka Metallov" (Metallurgy and 
Metal Treatment), No.7, 1957, pp. 15-18 (U.S.S.R.) 


ABSTRACT: Gintsburg, Ya. S. (6) concludes that the method of 
alternate loading permits the evaluation of the 
suitability of a metal to operate under relaxation 
conditions and also to evaluate whether the correct manu- 
facturing technology (smelting, forging, heat treatment) 

'. bas been applied. These conclusions are contradictory to 
conclusions arrived at by other authors. The aim of the 
work described in this paper was to obtain experimental 
data on the influence on the relaxation process of the 
structure and duration of the tests and of intermediate 
heatings, The influence was investigated of long duration 
loading (five times) on the relaxation characteristics of 
iron and on the carbon steels 20 and 40 which have a 
structure of lamellar and granular pearlite produced by 
annealing; the composition and the properties of the 
investigated materials are summarised in a Table, DeL5s 
The tests were carried out at 400 C by the method of a ring © 
of equal bending resistance applying an initial stress of 
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VOLKOVA, debegekandidat tekhnicheskikh nauk, 


long-tine testing on the relazation of spring steel. [Trudy] 
TSNIITMASH no.79:149-158 '57, (ML¥A 10:6) 
_ (Creep of metals) (Steel-~-Tosting) 
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; Zasimchuk, Ye. E.; Volkova, Ts Js bb | 
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AUTHOR: Larikov, ie N.; Mirkin, I. 


‘ORG: Institute of Physics of Metals, AN UkrSSR_ (Institut metallofiziki AN aesaenke tH 
_-TsNIITMASh, State Planning Committee SSSR (TsNIITMASh an Gosplane SSSR) 


{ 
| 
- PITLE: Investigation of the effect which charge Suntey and melting conditions have | 
_. on the high-temperature strenuth\ and rate of growth of recrystallization centers in - 
deformed nickel- and_iron-based alloys i 
oe ne, 2 Y\ 
SOURCE: AN UkrSSR. Mekhanizm plasticheskoy deformateii metallov. (Hechanisn of the 
‘| plastic deformation of metals). Kiev, Naukova dumka, 1965, 161-165 


TOPIC TAGS: nickel base alloy, iron base alloy, refractory alloy, metal recrystal- ° 
.lization , high temperature strength 3 


‘ABSTRACT: The authors study the effect of purification (by melting in a vacuum and __ 
‘using charge materials refined by vacuum remelting) on the rate of growth of recrys- 
-tallization centers and the refractory properties of multicomponent alloys. The 
specimens were complex austenite alloys based on iron (0.05% C, 15% Cr, 32% Ni, 6% W. 
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~ - and 3% Mo) and nickel (0.05% C, 13% Cr, 6% Mo, 6% W, 6% Co) containing no titanium | 

-;or aluminum, i.a. the quantity of excess hardening phases was at a minimum. The al- 
loys were melted and teemed under various conditions: 1. in air from commercially | 
}pure metals (1N and 1Zh where N indicates a nickel-based alloy and Zh indicates an | 

: {dron-based alloy); 2. in a deep vacuum (1°107% mn Hg) from commercially pure metals 
1 (2N and 2Zh); 3, in a deep vacuum from metals previously remelted in a vacuum (3N 
- ; and 3Zh). Specimens measuring 55x10 mm were cut from the ingots and annealed¥for : 
. +8 hours at 1150°C and then deformed to 80% by uniaxial compression at room tempera-_ 

| ture. The specimens were then subjected to recrystallization annealing with holding 
‘from 15 minutes to 8 hours at temperatures of 650-800°C. The temperature during , 
‘annealing was held constant to within #1°, A surface layer of the order of tenths | 
‘of a millimeter was removed by etching in aqua regia (nickel alloys) or in an alco-' 
hol solution of nitric acid (iron alloys). The rate of growth of the recrystalli- ! 

. | zation centers was evaluated from the time necessary for reaching the first centers . 
' lof a given size at a given temperature. It was found that the high-temperature i 

’ | strength of iron alloy is considerably increased by melting and teeming in a vacuum. 
'-|Graphs are given showing the linear rate of growth in recrystallization centers as 

Aa function of temperature. These curves show that charge purity and melting condi-: 


' 
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‘tions have a week effect on the rate of growth of recrystallization centers 
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;throughout the ertire range of temperatures and annealing times studied, although a. 


; tendency for acceleration of recrystallizationn processes was observed in more highly 


‘refined alloys. Empirical -formulas are given for determining the rate of growth in: 


‘recrystallization centers for nickel and iron alloys. Orig. art. has: 1 figure, 3° 


_ formulas. 
4 B : 
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DEKHTYAR, I.Ya.; MIRKIN, I.L.; MIKHALENKOV, V.S.; FEDCHENKO, R.G.; VOLKOVA, T.I.; 
BLANTER, M.S. >. 


Investigating the paramagnetic properties of heat-resistant. alloys on an 
iron and nickel base. Issl. po zharoproch. splav. 10:87-92 '63. 
(MIRA 17:2) 
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‘AUTHOR: Dekhtyar, I. Ya.; Mirkin, 1. L,; Mikhalenkov, V. 8.; Fedchenko, R. G.; 
‘Volkova; T._1.; Blanter, M. §. 


TITLE: Investigation of the paramagnetic properties of high temperature alloys on an 
{ron and nickel base 


SOURCE: AN SSSR. Institut metallurgii. Issledovaniya po zharoprochn*m splavam, 
vy, 10, 1963, 87-92 | ; 


TOPIC TAGS: paramagnetic steel, high temperature alloy, iron alloy, nickel alloy, ° 
- chromium alloy, alloy paramagnetic property, paramagnetism 


paramagnetic propertics of high temperature 
_alloy i guide to thoir clectronic structure — 
and the e : imum number of elec- 
trons for nickel-chremium a i Addition of niobium 
to an alloy of Ni+ 16% Cr leads to significant increase in N, In { complex alloys on 
a nickel-chromium base showed that the maximum N is observed in alloys with aluminum 
and titanium, Investigation of complex alloys on an iron-nickel-chromium base showed 
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‘ that the effective magnetic moment connected with N is maximal in alloys containing tungs~ . 
‘ten and molybdenum, while niobium, titanium and aluminum lead to a decrease in N. The | 

results obtained and their comparison with tensile strength studies show that the number of | 
‘ electrons in the bond found on the basis of the temperature dependence of paramagnetic \ 
: sensitivity may characterize the strength of the interatomic bonds at high temperatures. ; 
| Orig. art. has: 3 figures, 2 tables and 9 formulas. is 


ASSOCIATION: Institut metallurgii AN SSSR (Metallurgical Institute: AN SSSR) 
lsuBMITTED: 00 - ~~: DATE ACQ: 21Feb64 ENCL: 00 


| SUB CODE: ML NO REF SOV: 002 OTHER: 000 4 
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SLASTNIKOVA, L.F.3 YATSENKO, T.K.5 VOLKOVA, T.1.3 
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GERTSRIKEN, 3.D. {deceased}; 
-. .MIRKIN, I.L. 
Regularities of nickel diffusion in nickel-base alloys compared with 

the ae 4 properties of these alloys. Issl. po 2haropr. 


splav. 9342-46 '62. (MIRA 16:6) 
_. (Nickel alloys—Thermal properties) (Diffusion) 
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MIRKIN, I.L., doktor tekhn. nauk; VOLKOVA, T.1., kand, tekhn, nauk; 
BLANTER, M.S., inzh.; Prinimala wchastiyes VOLKOVA, M.I1., 


tekhnik 


Effect of vacuum melting on the heat~resistance properties 
of dron alloys. [Trudy] TSNIITMASH 1051125-134 62, 
(MIRA 15:8) 


(Iron alloys-~-Thermal properties) (Vacuum metallurgy) 
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*ateel, Heat-resistant) (Steam turbines) 
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i ; s/590/62/105/000/007/015 
[031/ 1242 


AUTHORS: Volkova 2,I,., and Pesropavlovskaya, Z.N., Candidates 
~5f Technical. S¢Lencas ‘ 


TITLE: Peylitic steel for Joints in power equipment overating 
ab temperatures of 565-600°C 

SOURCE: Moscove Tsentral'nyy nauchno+issledovatel'skiy institut 
tekhnologii 1 mashinostroyeniya. Trudy. v.105, 1962, 
98-107 : 


TRXP: The davelopment of perlitic: steels with a relaxation constant ; 
~ of at laast 19 000 = 10 “e/mm* at 565°C: is difficult. Two spe- i 
cimons of perlitic steol 254 1M1 1° (25ih 1M 1F 13), a labora- 
tory alloy 10 (TsZnl0) and an industrial alloy 44 (EP 44) “a 
ware honated to 1100°C, than air-cooled, and tempered at 730°C for 
5 hours. As a result of the high tomporing, fomperature, Br inell 
hardness dropped to 230 but the desired structural stability and 
craeo behavior were achieved. The £P44 specimens have a sorbite 


- Gard 1/% 


APPROVED FOR RELEASE: 08/09/2001 CIA-RDP86-00513R001860620007-1" 


7 "APPROVED FOR RELEASE: 08/09/2001 CIA-RDP86-00513R001860620007-1 


— oie: Re Esc eee 


5/590/62/105/000/007/015 
1031/1242 


Perlitic stéel for joints... 


microstructure with coagulated carbide particles located at the 

grain boundaries and within’ their body. The tensile properties and 
ductility satisfy tha vamiiremants for steel. A stress-relaxation 

test was made at 565-599C and 600°C, The initial load for the y 


T3anl0 specimans was 25 and SO xg/rm? at 580°C and testing time - 

10 000 hrs. Other specimens wera tested for 4000 hrs at initial 

loads of 30 kg/mm? and 10999 was obteined by extrapolation. Roe- — 
laxation resistance varied botween 10 and 15 ke/ mm? which is suffi- 
ctont for bolting steel. The stress-rupture strength of smooth 
specimons was 20 kg/mm for a 20 000 hgs test at 565°C, while 

notched spacimens siiowad 1.5-2.0 kg/mm* less strength, Due to low 

cr content (1.5%3), the 25%h 1 1° 1BR steel has low corrosion re- 
sistance and should be protocted by a suitable coating. There are 

6 figures and 6 tables. 
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AUTHORS: ‘Mirkin, I.L., Dr. of Technical Sciences, Volkova, T.I., 
candidate of tochnical Sciences, and Blanter, MoSe, ENnfe 


TITLE: Effect of vacrim melting on heat-resistant proporties 
of iron allovs 


SOURCE : Moscow. paontral'!nyy naichno-issledovatel'skily ‘institut 
telthinologil 1 mashinostroyeniya. Trudy. v.105, 1962, 
125-154 


ony: The present work was carried ont because of the absence of 
Snformatton on tho influence of vacuum melting on relaxation and 
creep behavior in high-tomporature alloys. Four grades of iron- 
base steels were investigated: pure 4ron; non-hardonable single 
phase Fo-Cr-"i steal; alow aging alloy with Mo and W added, and an 
alloy highiy susceptible to aging, with Mo, W, T4, Aland ib added, 
‘welting was performed in an Snduction furnace at a pressure of 
1.1074 - 5.1075 mmiige Short-term mechanical properties, stress- 
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5/590/62/105/000/008/015 
1031/1242 


Effect of vacuum melting.. a 


rupture strength , relaxation, and creep resistance wore tested. 

As a rasult of vacuym malLefLoag relaxation and creep resistance in- 
croased with increasing coriplexity of the chemical and phase com- 
position of steel. iflgh-alloy steels gain stress- rupture strength 

and lose ductibility, while vacuum melting of low-alloys improvos 
their ductility to some extent but does not influence a long-term / 
strength behavior. Optimal heat-resistant properties may be gained 
by applying vacuum melting and pouring with alloys of more complex ~- 
chemical and phase composition than that suggested for conventional 
melting. Thero are 5 figures and 5 tables. 
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mrs o §/659/62/009/000/006/030 
= 1003/1203 
AUTHORS. Gertsriken, S. D., Slastnikova, L. F., Yatsenko, T. K., Volkova, T. I., and Mirkin, I. L. 
TITLE: The relationship regularities in the diffusion of nickel in nickel-base alloys and the 
; refractory properties of these alloys : 
SOURCE: Akademiya nauk SSSR. Institut metallurgii. Issledovaniya po zharoprochnym splavam. 


v. 9. 1962. Materialy Nauchnoy sessii po zharoprochnym splavam (1961 g.), 42-46 


TEXT: Data on the mobility of atoms at elevated temperatures are necessary for the investigation of heat 
resistant alloys. Such data were obtained here for different grades of nickel and of nickel-base alloys containing 
Cr, W, Mo and Co. A layer of radioactive Ni®3 was electrolytically deposited on polished samples, which 
were heated to a temperature range from 970°C to 1170°C. The diffusion coefficient of nickel was calculated 
from the difference in the radioactiveity of the surface before and after heating. The self-diffusion coefficients 
were calculated: for refined nickel: D = 0.36 exp (— 64700/RT) cm2/sec; for commercial nickel: 
D = 0.25 exp (— 63006/RT)cm/sec. Diffusion coefficients of nickel into both refined and commercial grade 
alloys were calculated, and the mechanical properties as well as the melting points of the alloys were determined. 
The conclusion reached are that the long-time strength and the resistance to relaxation of nickel-base alloys v( 
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at 800°C is due chicfly to the structure and to the dislocations in the alloy, and that the thermal mobility of 
atoms of the chief components is of lesser importance. In the discussion, E.M. Pivnik expressed the opinion 
that the celationship between the diffusion in nickel- base alloys and their heat-resistance may be more complex 
than suggested by the authors, while, A. Ya. Shinyaev believed that may be premature to draw conclusions 
on the relationship between the heat-resistance of alloys and the diffusion at low temperatures. There are 2 
figures and 2 tubles. 
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Fearlite EP44(TsZh10) steel with relaxation resistance at 

temperatures ranging from 565 C to 600C. Energomashinostrowpie 
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AUTHOR : Volkova, @. I, 
escent ee 
PIPL: Correlation of the relaxation Stability of perlitic 


steel with other properties 


PERIODICAL: Referativnyy zhurnal, Mekhanika, no. 7, 1962, 65, ad- 
Stract 7V497 (V sb. Issled. novykh zharovrochn. Spla-~ 


vov dlya energetiki. M., Mashgiz, 1961, 87-99) 


PEXT: Properties of perlitic steel alloyed in different ways are 


— 


confronted with its relaxation properties, 18 campositions of Steel 
are Studied, containing 0.11 to 0.25% C and small amounts of alloy- 
ing additions (up to 6 elements). Loss of strength during temper- 
ing, Stability of mechanical Dbroperties during ageing, composition 
of solid solution and its Stability in ageing, composition and ty pe 
of carbide shases ang their coagulation are studied. It is conluded 
that relaxation Stability of perlitic Steel, large or small, cannot 
be explained even qualitatively by such properties as Stability 


IN 
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againss loss of strength in tempering, magnitude of mechanical pro- 
perties at nigh temperatures and their constancy on ageing. Z Ab- 
stracter's note: Complete translation. 7 


8/124/62/000/007/026/02 of 
Correlation of the ... . 
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TITLE; On the problem of the connection of relaxation resistance of per- 
litic steels with its other properties 


PERIODICAL: Referativnyy zhurnal, Metallurgiya, no. 4, 1962, 54, abstract 41318 
(v sb. "Issled, novykh zharoprochn, splavov dlya energetiki", Moscow, 
Mashgiz, 1961, 87 - 99) 


‘ A higher or lower relaxation resistance of perlitic steel cannot 
even qualitatively be explained by such its properties as the resistance to 
temper softening, the level of mechanical properties at a high temperature and 


- their stability in the process of aging. The alloyage of the solid solution is 


of no decisive importance for the relaxation resistance of perlitic steel. The 
decisive factor is the type of the strengthening phases and their stability in 
time, The best relaxation resistance is displayed by steels having V carbide (in 
steels with Nb also NbC) as the only strengthening phase and showing no tendency 


to the formation of new phases in the process of aging. » pumyantseva 


[Abstracter's note: Complete translation] 
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TITLE: Pearlitic steel pri44 (ULX€10) (EP44(TsZn10)) 
PERIODICAL: Energomashinostroyeniye, nos 1, 1962, 33 - 36 


TEXT: In continuation of an earlier work (Ref. 1 - 
Metallovedeniye i termicheskaya obrabotka metallov, no. 2, 1961) 
the present authors studied the high-temperature properties of 
steel 25¥4M1916 (25Kh1M1F1B) designed as a material for 
reinforcing details of turbines operating at 565 C. A tenta- 
tive code mark, TsZhl0, has been alotted to this teel which, 

in industrial practice, is known as steel EP44. The chemical VY 
analysis is given in Table 1. The optimum treatment of this 
steel consisted of heating to 1 100 C, air-cooling and 
tempering for 5 hours at 730 C, high-temperature tempering 
being necessary to ensure relaxation stability in service. 
After this treatment the steel constituted a mixture of ferrite 
with uniformly distributed coarse carbide particles. Some 
mechanical properties of the steels studied are given in 

Table 2. The results of relaxation tests, carried out in the 
Card 1/ : 
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course of the present investigation on ring specimens at 

565, 580 and 600 bs coe are reproduced in Table 3, the values in 
brackets being obtained by extrapolation which, a8 had 
subsequently been established, gave values slightly lower 

than the actual. The temperature dependence of the relaxation 
stability is shown in Fig. 4, where the stress 


ta : 
-(o% kg/mm“) after 10 000 hours is plotted against test / 
temperature C), the experimental points denoted by crosses, uv 


dots and triangles relating, respectively, to a specimen of a 
laboratory melt (TsZhl0) tested under an initial stress 


o'= 30 g/m a specimen of an industrial melt (EP44), tested 
under O5'* 30/kg/mm> and a specimen of EP44 tested under 
% = 25 kg/mm? ; the broken horizontal line corresponds to the 


value of oo”, as specified in TU. The results of creep tests 
carried out at 565 °C em cylindrical specimens (10 mm in 
diameter, 100 mm gauge length) normalized at 1 100 C and 
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tempered for 6 hours at 725 °c are reproduced in Fig. 5, where 
o is plotted against time-to-rupture (hours) in logarithmic 
coordinates, crosses and dots relating to unnotched and notched 
specimens, respectively, Finally, the results of oxidation- 
resistance tests are reproduced in Fig. 6, where the increase 
in weight (g) of specimens heated in air at 600 °c is plotted 
against time (hours) at temperature; Curves 1-4 relate to 
various steels listed under the same numbers in Table 6, where 


‘the values of o after 10 000 hours at 580 °C 


(0%, = 30 kg/mm" ) are given. Data in Fig. 6 and Table 6 showed ae 


that an attempt. to increase the oxidation-resistance of steel 
TsZhl0 by increasing its Cr and Mo contents and by introducing 
W brought about a sharp decrease in its relaxation stability. 
It was concluded that high relaxation stability of the steel 
studied and its good mechanical properties at room and elevated 
temperatures, combined with high creep-resistance which is 
hardly affected by the presence of stress-risers (notches), 
render this steel suitable for reinforcing details in turbines 
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0 to 1.3% Cr, 0.3 to 0.6% V and 0,9 to 1.1% Mo was chosen; 
sbaber D is used in the subsequent paragraphs to denote the 
nominal composition of this material, The composition of all the 
experimental alloys is given in Table l. Each alloy was melted in. 
a 150 kg furnace and cast into two ingots: one with and one without 
the niobium addition, Each fraction was investigated in both i 
as-cast and forged condition. The preliminary treatment, in the 
case of the niobium-free specimens, consisted in normalizing at 


1030°C; the niobiun-vearing specimens were normalized (air- hardened) 
Card 1/8.) VY... 


nent eg iets cere oe Ssesdeh lebeceebiatmcte SPSS BS aslarismseancices Ghia ote ss eves MIS be ie ee em nny : 
ore S /8/129/61/000/002/002/014 ! ~ 
| 18-6208 £193/E483 a 
fet AUTHOR: __ Velkova, T.I., Candidate of Technical Sciences : 
reef etek Improving the Relaxation Stability, of Pearlitic Steel f 
oe H at 500°C by Changing its Composition 1%) 2 
: | PERIODICAL: Metallovedeniye i termicheskaya obrabotka metallov, 
. 1961, No.2, pp.11-16 i 
teks The object of the investigation described in the present | rr 
paper was to explore the possibility of raising the relaxation ee 
stability of pearlitic steels at 580°C to a value | 
"= | 819000 > 10 kg/mm2, by adjusting their composition, For standard | 
. ay reference, a pearlitic steel containing 0.2 to 0,25% C, : 
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at 1090°C and then tempered at 730°C for 5h, after which the 
hardness of the steel was approximately 35% lower than its maximum i 
value, A comparative study of the relaxation stability was ‘ 
carried out in the equipment of the WP -1 (IR-1) type with the aid : AS 
of the method of ring test pieces, The tests (5000 to 10000 h 
duration) were carried out at 580°C on two test pieces subjected to: 

an initial stress 99 of 30 and 25 kg/mm2, The average values of : 
°10000 kg/mm? are shown in Fig.l, histograms b and a_ relating 

to steels with and without the niobium addition, respectively; : a 
two different types of shading indicate the results obtained under 
do = 25 and 30 kg/mm? ; letters Jl and K denote the cast and 
forged material, It will be seen that the difference in 410000 
of cast and forged specimens of all steels studied was small, 
amounting to 4.4 to 2.5 kg/mm?, The relaxation stability of cast 
steels, determined after a 500h test, was considerably higher than 
that of the forged material but it decreased on increasing the 
/duration of test to 10000h, The relaxation stability:in the 
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{:dnitdal and final stages of the test is characterized by 

"JiSo = Bo/59 and +t respectively. The effect of composition 

“of this steel and its structural state on these characteristics is 

’. shown in Table 2. The data given in Table 2 were used to 

‘;eonstruct diagrams showing the effect of various alloying 

additions on So, to and 939000 of the steels studied, 

‘The. following conclusions were reached: ° 

(1) The interaction of additional quantities of alloying clements 

(cr, Mo, Va/W,vCo ang si)Ato the pearlitic steel of composition D- 

greatly affects it elaxXtion stability at 580°C, as indicated by /: 
the wide range (1 to 14 kg/mm2) of 6190000 of the alloys studied.  /: 
(2) Steel VII (D + 0.5 V + 0.19 Nb) displays highest relaxation . 

In this respect, it meets the service requirements in i 

both the as-cast and forged conditions, 9% 19000 of this alloy 

m2} being 


(determined at 550°C under dg = 30 kg/m 13.8 kg/mm2, 
1 VII is considerably reduced by 
ing its vanadium content, 1% 


stability. 


“The relaxation stability of stee 
introduction of Cr, Mo, W, Si, or by decreas 
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(3) Addition of chromium to steel I (D) and molybdénum to steels 
Tr (p +1 Cr) and VII (D + 0.5 V) brings about a particularly 


sharp decrease in the relaxation stability of these materials. 
(4) Addition of cobalt to the niobium-free steel II (D+ 1 Cr) 
increases. its relaxation stability in the initial stages of the 
process and decreases it in the final stages, causing at the same 
time a decrease in the magnitude of 7610000- The effect of 
cobalt addition on the relaxation properties of the niobium- 
bearing steels II and VII is detrimental, ._. 

(5) Relaxation stability of all the steels studied (in both 


- as-cast and forged condition) is considerably increased by the 


addition of 0,1 to 0,15% niobium. ; 
Acknowledgments are made to Engineer V.F.Ivanova who participated 


in this work. There are 5 figures and 2 tables. 
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XHMHFECKHA COCTAD HO NNACKCH UCCACAYeMEX craneA = Taohle l. p 


weg . — 


XumnwecknA coctas BY 


I D 0,25 | 1,25 11,07/0,57; — ]0,19] — 
ul D+1Cr 0721 | 2:28 |1;1 10,54, — 10,17], — 
a |W D+1Cr+1Mo 0.24 | 2:28 |2°4510,56} — | 0,16, — 
iV D+1Cr-+2,5W 0/26 | 2°35 | 1,2010,48}2,50/ 0,17] © — 
Vv D+-1Cr-+2Co 0,24 | 2°39 |1,18]0,58] — | 0,16 |2,24%.Co 
| vi | D+1Cr+1Mo+2,5W | 0,24 | 2,34 | 2,38]0,45|2,0 | 0,12) — 
Vu D+0,5V 0,23 | 1,03 |o,96}0,88] — fous] — 2 
; Vit . D+0,5V+055! 0,21 | 1,35 |1,09/0,88; — | 0,16 j0,93%/. SI 
1X D+0,5V +1Cr 0,26 | 2.52 10:9610,77| —|]0,14] — 
x D+O.SV+iMo . | 0,25] 1.51 12.46/0,75] — | 0.15} — 
Xi} D+0,5V+2,5W 0°24 | 1'23 |0°98}0,82|2,50] 0,25; = — 
6 | XU D+0,5V +2Co 0722 | 1.41 |1.15]0,83| — | 0,16 {2,019 Co 
Xi |D+0,5V -+1Mo-+2,5W | 0,24 | 1,21 |2,14/0,93/2,50/ 0,13 { — a 
_ | XIV D+05V-41Cr+1 o +1 0,21 | 2.32 |2.46|0,92/2,60| 0,16) — = 
+ 
XV D +0,5V—0,1C 0,13 | 1,28 |0,8810,84] — }0,15, — 
. [XVIE] D4-0,5V-+1Mo—0,1C] 0,11] 0,9 |2,25/0,67) — 1 0,16} — 
XVIII D-+0,5V +1,5W 0/03 | 1.42 | 1,12] 0,82}1,50] 0,28; — 
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Tgentral 'nyy nauchno-issledovatel'skiy institut tekhnologii 1 mashinostroyeniya 


Struktura 1 svoystva zharoprochnykh materialov; [sbornik] (Structure and Prop- 
erties of Heat-resisting Materials; Collection of Articles) Moscow, Mashgiz, 
1959. (Series: Its: [Trudy] kn. 93) Errata slip inserted. 4,000 copies 
printed. 
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_ “Structure and Properties of Heat-resisting Materials (cont. ) sov/2103 


COVERAGE: ‘This collection of articles describes results of work done at 
TsNITTMASh on the strength of materials used constantly at high temperatures 
in power plants. The articles deal with problems of heat resistance, al- 
loying, and the production and heat treatment of heat-resistant steels. 

The evaluation of properties of industrial materials used under high and 
ultra-high pressures is given, and modern testing methods are discussed. No 
personalities are mentioned. References follow several of the articles. 


TABLE OF CONTENTS: 


Foreword 


SECTION I. THEORETICAL PROBLEMS 


Osipov, K.A. {Doctor of Technical Sciences}. Melting and Slip at Grain 
Boundaries in Metals 
K'o T'ing-sui's formila for the velocity of slip and N.F. Mott's 
hypothesis on the direct connection between the phenomena of melting 
and viscous slip at grain boundaries are discussed. 
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‘Structure and Properties of Heat-Resisting Materials (Cont. ) sov/2103 


Yolkova, T.I. [Candidate of Technical Sciences], Z.N. Petropavlovskaya 
(Candidate of Technical Se®éneen), and V.Z. Tseytlin. EI723 Cr-Mo-V 
Steel for Units With Ultra-high Parameters 
The results of an investigation of the strength and heat and 
corrosion resistance of EI723 steel at 550°C, and continuous 
operation (10,000 hours) are discussed. This steel is used 
for studs, bolts, flat springs and other parts of boilers and . 
steam turbine. 


Fedortsov-Lutikov, G.P., and M.F. Sheshenev [Engineer]. ‘Investigat- 


im of the Progerties of EI757 Chrome Steel 
An investigation of mechanical properties, creep strength and 
creep rate at temperatures up to 600°C is presented. 


Yuganova, S.A., and M.D. Nesterova. Change in Phase Composition of 
EI755 and EI757 Steels, Due to Heat-treating Conditions 
The steels under investigation were oil-quenched at 1150°C 
with subsequent aging at 600, 650 and 700°C. for up to 3,000 hours. 
The change in phase composition was studied by means of structural 
' x-ray analysis and compared with results of chemical analysis and 
metallographic investigation. 
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‘Structure and Properties of Heat-Resisting Materials (cont.) 30V/2103 
SECTION IV. PAPERS ON METHODS 


Volkova, T-I. Data Analysis of Relaxation Tests by Various Methods 225 
Relaxation tests were made at TsNIITMASh on IR~1 and FR-4 machines. 
Two types of samples were used: a split ring of uniform strength in 
- bending (in its plane), and a leaf spring. ‘The author states that 
the results varied greatly and did not show the same quantitative 
degree in resistance to relaxation. 


Karskiy, N.Ye. Graphic Method of Determining the Creep Strength by 

Using Parametric Dependency 237 
The author presents a graphic method for the use of parametric 
dependence (time-temperature method) to determine long-time 
properties from short-time creep tests. 


Oding, I.A. [Corresponding Member Academy of Sciences, USSR} and G.A. 
Tulykov [ Candidate of Technical Sciences]. Creep Investigation of 
1Kh18N9T Steel in the State of Complex Stress 2h} 
Results of tests for determining the creep strength of 
austenitic heat-resistant steel samples in the form of thin-walled 
tubes under combined tension and torsion at various rates at 600°C 
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. SOV/124-58 22363 
Translation from: Referativnyy zhurnal, Mekhanika, 1958, Nr 2, p 114 (USSR) 


AUTHOR: “¥olkova,T.—l-- 


TITLE: 50,000-hour Relaxation Tests at Ambient Temperature (50,000- 
chasovyye ispytaniya na relaksatsiyu pri komnatnoy temperature) 


. PERIODICAL: V sb.: vopr. metalloved. kotloturbinnykh materialov, Moscow, 
Mashgiz. 1955, pp 81-85 


ABSTRACT: Bibliographic entry 
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SOV/137-57-10-20170 
Translation from: Referativnyy zhurnal, Metallurgiya, 1957, Nr 10, p 251 (USSR) 


‘ AUTHOR: — Volkova, T.I. 
TITLE: Fatigue Testing of Spring-steel Relaxation (Dlitel'nyye ispytaniya 
na relaksatsiyu pruzhinnoy stali) 


PERIODICAL: V sb.: Ispytaniya i svoystva zharoprochn. materialov. Moscow, 
Mashgiz, 1957, pp 149-158 


ABSTRACT: A description is presented of a relaxation (R) test of spring steel 
at 410 and 470°C and at various initial stresses run for 10,000 hours 
with the object of verifying the correctness of extrapolations pre- 
viously made on the basis of the results of 2500-3500 hour tests. 
Flat springs (S) of steels 4Kh13, R18, and EJ290, anda laboratory 
heat of TsZh-4 steel, each measuring 175x25x1.5 mm are tested on 
special apparatus. The loading system is a beam supported at 2 
points with a bending stress applied midway. The accuracy of flex- 
ure measurement is 0.01 mm, the precision of temperature control 
is +5°, Before testing, S of R18 steel are chromium-plated, and 
those of 4Kh13 are peened with iron shot to harden the surface. The 
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_ Fatigue Testing of Spring-steel Relaxation 


7 30,000 Stress remaining after the 10,000-hour test and the time t 5.9. during © 
which the stress diminishes to the minimum permissible value of 25 kg/mm2, S 
hardened on one side are tested for relaxation so as to cause the hardened layer 
to work under tension, It is shown that at 410° an R test of 2000-2500 hours dura- 
tion is adequate to provide reliable extrapolations for 10,000 hours service life. 
The error in this case does not exceed 10% in the magnitude of the o)9 gg99- At 
470° it is necessary to increase the tests to 4500-5500 hours if the extrapolations 
are to be dependable. This is due to the greater duration of the first stage R in 
the steels investigated at 4709. The correctness of the recommendation that the 
tempering of 4Kh1]3 steel be raised from 420 to 550° and that the duration thereof 
be increased from 2 to 10 hours is confirmed. When this is done, relaxation 
strength rises as much as 50% in 10,000 and even more fort o=25° at all 


initial stresses. 
L.G. 
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SOV/124-58-4-4875 
Translation from: Referativnyy zhurnal, Mekhanika, 1958, Nr4, p 166(USSR) 
AUTHORS: Tseytlin, V.Z., Yolkova, T.L 


TITLE: Investigation of Relaxation Process in Metals by the I. A. Oding 
Method (Issledovaniye protsessa relaksatsii napryazheniy. v 
metallakh metodom I, A. Odinga) 


PERIODICAL: V sb.: Prochnost' metallov. Moscow, AN SSSR, 1956, 
pp 41-49 


ABSTRACT: Some laws governing stress relaxation and factors affecting 
the process are experimentally investigated by the method of 
relaxation with the aid of annular specimens as proposed and 
developed by I, A. Oding in 1944, Results of determination of 
quantitative characteristics of flexural stress relaxation are 
presented. The influence of numerous factors, both external 
(temperature, stress, time) and internal (chemical composi- 
tion and structural state of the material), affecting the process 
of relaxation have been studied. Recommendations are tendered 
as to the content of the alloying elements (Cr, Mo, V) that 
increase the resistance to relaxation of low-carbon steels for 

Card 1/2 various temperatures. The relationship between relaxation 
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Investigation of Relaxation Process in Metals (cont. ) 


stability and chemical composition of austenite steels was studied. Results’ 
of the experiments are compiled in tables and graphs, 


Yu. G. Maksimov 


1. Metals--Mechanical properties 2. Metals--Chemical properties 
3. Metals--S«ructural analysis 4. Metals--Mathematical analysis 
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SOV/124-58-5-6172 


Translation from: Referativnyy zhurnal, Mekhanika, 1958, Nr 5, p 159(USSR) 


AUTHOR: Volkova, T.I. 


TITLE: Long-term Investigation of the Relaxation of Spring Steel 
(Dlitel'nyye ispytaniya na relaksatsiyu pruzhinnoy stal1) 


PERIODIGAL: V sb.: Ispytaniya i svoystva zharoprochn. materialov, Mos- 
cow, Mashgiz, 1957, pp 149-158 


ABSTRACT: | Results of long-term relaxation tests (up to 10,000 hours) 
are presented for 4Khl3, R18, E1290, and TsZh-4 (E1723) 
grades steg],.tested at 410° and 470°C under varying initial 
stresses. At 470°C the highest relaxation stability was demon- 
strated by TsZh-4-type steel. For 710,000 value it surpassed 
R18 steel by 35-40%. At 410°C the highest relaxation stability 
was demonstrated by R18 steel. Extrapolations performed on 
the basis of less than 2,500-hour test duration results were not 
wholly substantiated. 

G.A. Tulyakov 


1. Steel--Mechanical properties 2. Steel--Test methods 3. Springs 
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TITLE: The Dependence of the Rslaxation Test Methods on the Test Method 
(Zavisimost' kriteriyevy relaksatsii ot metoda ispytaniya) 


PERIODICAL: Zavodskaya Laboratoriya, 1958, Vol. 24, Nrh, pp. 473-476 ( USSR) 


ABSTRACT: The two most~spread methods of testing relaxation, the ring bend- 
ing- and the flat spring method, give different tension diagrams 
in the working part of the sample. In the case of the ring, the 
working element has the form of a board, ani tension is uniformly 
distributed, whereas, in the case of a spring leaf, there is a 
maximum tension in the center part. In cooperation with V.F.Ivanova 
experiments were carried out according to both methods with perlite 
steel of the type EI 723 with 0.20% C, 0.28% Si, 0.74% hin, 2.35% 
Cr, 0.95% Mo and 0.4% V with normalization at 4030-1050° for six 
hours. Tests were carried out at 500°, 525° ani 550° and initial 
tensions of 25, 30 and 35 kg/mm? with stress lasting from 3600 to 
4000 hours in IR-1 and IR~4 furnaces. The average values obtained 
are graphically recorded. From the diagram it may be seen that 
after 500 and 10000 hours residual stresses show a minimum differ- 
ence between ring and spring. It was found that in the first stage 
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the relaxation process in more intengs in the rings than in the 
springs, whersas in the second stage the opposite is the case, so 
that, in the case of investigations of longer duration, a lower 
residual stress is to be expected in the springs than in the rings. 
If the material investigated has a relatively good relaxation re- 
sistance in the first, and a bad one in the second stage, results 
will be higher in the rings than in the springs. It follows from 
rasults obtained by investigation that the two methods are equiv- 
aient, but that they cannot give a uniform qualitative series in 
the case of comparative experiments. There arz 4 figures, ard 4 
table. 


Tsentral' nyy nauchno-issiedovatel' skiy institut tekhnologii i. 
mashinostroyeniya (Central Scientific Research Institute for 
Technology and Machine Building) 


1. Steel--Stresses 2. Steel--Test methods 
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VOIKOVA, T.I., kand, tekhn, nauk; GRIBOYEDOV, Yu.N., kand, tekhn. nauk. 
ba ae tel aa 
Protecting BI723 steel springs from high temperature oxidation, 
Metalloved, 1 obr, met. n0.5:37-40 My '58, (MTRA 1125) 


1, PSentral'nyy nauchno-issledovatel'skiy institut tekhnole!i 4 
mashinostroeniya, 
(Springs (Mechanisms )--Corrosion) 

(Steel——Metallography) (Protective coatings) 
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: : SOV-129-58-6-6/17 


AUTHOR: Volkova, T. I, (Cand.Tech.&Sc.) 


TITLE: Increase to 640°G of the Operating Temperature of the 
Material of Flat Sealing Springs of Steam Turbines 
(Povysheniye do 640° rabochey temperatury materiala 
ploskikh pruzhin uplotneniy parovylh turbin) 


PERIODICAL: Metallovedeniye i Obrabotka Metallov, 1958, lr 6, 
pp 21-25 (USSR) 


ABSTRACT: There is an acute demand for finding a spring steel 
capable of operating at 585-6400C. The technical requirement 
4s that,after 10 000 hours at the operating temperature, 
the resiqual stress in the spring should not be below 
12 kg/mm*. Relaxation tests were made on several Soviet 
and foreign grades of austenitic steels and also on nickel 
alloys with a chemical composition and heat treatment as 
entered in Table 1 and mechanical properties at 20 and 585°C, 
as entered in Table 2. Relaxation tests of specimens of 
175 x 25 x 1.5 mm were effected according to the standard 
TsNIITMASh technique on IR-4 equipment. At 585°C all the 
materials were tested with initial stresses of 22 and 42 
kg/mme and the materials with high yield points (E1437, 
Niconel'X |,BI765) were additionally tested at 60 kg/mme, 
Card 1/4 According to each regime, two specimens were tested and in 
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Increase to 540°C of the Operating Temperature of the Material of 
Flat Scaling Springs of Stean Turbines 


the 2valuation the average values were used, The duration 
of tae testing of the individual specimens was 2100 to 4500 
hours. Those of the materials which showed a high relaxa- 
tion stability at 585°C were additionally tested at 640°C 
with the initial stresses of 40 and 60 kg/mm°, The average 
results of the relaxation tests are entered in Table 4.. The 
values of the main characteristic of the relaxation stregeth 
[10 000 for the initial stresses of 22, 40 and 60 kg/mm 


for all the investigated materials are graphed in Fig.l, 
p.2l (a dotted line indicates the stress level correspond- 
ing to the technical specifications). The obtained results 
indicate that all the investigated materials except for the 
steel N 153 satisfy the technical requirements, For the 
steels BI612, EI67% and the alloy E1765, the operating tem- 
perature can be increased up to 640°C, As regards the re- 
laxation strength at 585°C, the investigated materials can 
be grouped in the following sequence: EI612, E1765, EI763, 
Niconel'X., 19-9DL, EI437, N153. Taking into consideration 
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Increase to 640°C of the Operating Temperature of the Material of 
Flat Sealing Springs of Steam Turbines 


the relaxation strength, mechanical properties, the rate of 
use oy industry, the cost and the scarcity of the alloying 
elements, the use of the steel EI612, of the alloy EI765 and 
also of the steel EI673 is recommended for producing flat 
spring labyrinth springs operating at 585 and 640°C (the 
recommendation of the steel E1675 for temperatures up to 
640°C is tentative only since the respective relaxation 
tests have not been carried out at this temperature). These 
materials are approximately equivalent as regards the re- 
laxation strength but they differ as regards cost and con- 
plexity of the heat treatment, On the basis of earlier 
published results and results of the here-described work 

it can be concluded that spring material has been found which 
is capable of operating at 640°C, i.e. under the limit con- 
ditions of operation of steam power generation equipment. 
The increase in the operating tenperatures of flat springs 
during recent years (1951-1957) is shown in Fig.2, p.c3. 

The dependence of the characteristics of the relaxation 
stability on the test temperature for steels recommended 
during various periods by TsNIITMASh is graphed in Fig.3. 
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Increase to 640°C of the Operating Temperature of the Material of 
Flat Sealing Springs of Stean Turbines 


These data can be used as a guide in selecting spring 
steel grades for operation under conditions of stress 
relaxation at 400 to 600°C for 10 000 hours, 

(This is a complete translation except for the first two 
paragraphs of the text, figure captions, table captions 
and headings). There are 3 tables, 3 figures and 4 Soviet 
references, : 


ASSOCIATION: TsNITTMASh 


1. Springs —- Materials 2. Springs = Effectiveness 
3. Springs ~ Temperature factors 4. Steam turbines - Materials 
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137-1957-12-25417 


Translation from: Referativnyy zhurnal, Metallurgiya, 1957, NriZ, p 351 (USSR) 


AUTHORS: 


TITLE: 


Tseytlin, V. Z., Volkova, T. 1. 

TT 
Employment of I. A. Oding's Method in the Investigation of Stress 
Relaxation in Metals (Issledovaniye protsessa relaksatsii 
napryazheniy v metallakh metodom I. A. Odinga) 


PERIODICAL: V sb.: Prochnost' metallov. Moscow, AN SSSR, 1956, pp 41-49 


ABSTRACT: 
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An analysis of advantages of the ring method of testing metals 
for relaxation, as proposed by I. A. Oding |'"Novyy metod 
ispytaniya na relaksatsiyu i polzuchest'" (A . New Testing Methed 
for Relaxation and Creep), 1949, Book 23, MAShGIZ ae and an 
examination of certain laws governing the relaxation process 
when this method is employed. It is pointed out that the proposed 
method deserves wide use and that it may be successfully applied 
to the development of a theory of stress relaxation in metals, and 
to an evaluation of the relaxation stability of materials. With this 


method it is possible to obtain directly quantitative values for re~ 


laxation characteristics not only of parts subjected to bending, but 
also of parts operating under tension, such as bolts and dowels of 
boilers and turbines. Z. F, 


1. Metale-Strass analysis 
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AUTHORS: Volkova, 7, 
Technical Scie 


Tiflis: Protection of Springs Made of Steel BI723 
Oxidation at High Temperatures (Zashchita prushin ig 
stali Z1723 ot vysckotenperaturnoso okisleniya) 


PERIODICAL: iNetallovedeniye i Obrabotka Metallov, 1958, Nr 5, 
pp 27-40 + 1 plate (USSR) 


ABSTRACT: The pearlitic steel BI723 has been recomended for 
manufecturins flat springs of labyrinth seals gf stean 
turbines since its relaxation stability at 470°C is 
considerably higher than that of the hich speed sbeel R13 
ani is suitable for operation at 500 to 550°C, However, 
above 500°C this steel is not sufficiently stable ypgedinst 
sealing and the surfece becomes covered with a thie’ scale 
which splits off easily fron the metal, changin; the 
effective cross section of the spring and conteninating 
ths slots, The aim of this paper was to develop a 
surface treatment of the flat springs which would enable 
increasing their corrosion stability without reducing 
their relaxation characteristics, The surface of the 
spring was investigated ofter thermo-diffucion treatuent 
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with powders of various compositions; by changing the 
regime of the diffusion saturation differing layer thick- 
nesses were obtained, An attempt has been made to conbhi- 
the surface treatment with the main heat treatment, ue 

characteristics of the investigated surface treatment ure 
triefly enunerated in Table 1, p 38, which consieted of 

different variants of diffusion-chroasting and slitists., 
Cn the basis of the obtained results it is eoncludel chet 
thermo-diffusion chronating (8 hours at 1000 C, cooling 
of the box in the furnace with a resulting diffusior: 1s 


~ 
. 


7er 
thickness of 7 to 12 w) of springs made of the steel 31723 


will provide a protection against their oxidation at 
temperatures up to 550°C without reducing appreciably the 
relaxation stability. In choosing the type of protection 
it is necessary first to be convinced that such a protection 
is really necessary in order to prevent contanination of 
the slots by scale which will inevitably peel off at 
operating tenperatures exceedinz 500°C. Furthersore, it 
is necessary to take into account that there wili be a 
certain reduction of the relaxation stability of the anterial, 
There are | figure and 43 tables, 

ASSOCIATION: TsNIITMASH 

AVAILABLE: Library of Congress. 


1, Sprints-Oxidation-Preventive measures Springs-Corrosion- 
Temperature factors : 
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VOLKOVA, T.M. 
nnnesntiedTs SRR AAO 


Nontraumatic diaphragnatic hernia of the 


kair, 75 no-6:132-144 J. '55. 


1. Iz khirurgicheskogo otdeleniya 
bakovakogo bol'nichnogo gorodka. 
gorodok. 

(1 


in nontraumatic cases 
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BERYUZOVA, V.I.3 ZVYAGIL'SKAYA, R.Ae3 MALATYAN, MN; VOLKOVA, Vai 


Electron microscopic and cytochemical study of mitcchoniria 

from yeast cells. Mikrobiologiia 33 no.3!442-/46 My-Je ‘és, 
(MiRA 18:12) 

1. Institut radiatsionnoy 1 fiziko-khimicheskoy bioloegii 

AN SSSR i Institut biokhimii imeni A.N.Bakha AN SSSK. Submitted 
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